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The year ahead marks the 50th anniversary of the
first publication on the brain–computer interface
(BCI) proposed by Vidal in 1973. Over the past
decades, continuous progress has been made
in designing and optimizing the BCI system
toward a high-performance, robust and ease-of-use
“mind reading”. The nascent field of BCI has
brought together scientists from neuroscience,
computer science as well as engineers and clinicians
worldwide to address the highly challenging
problem. The convergence of disciplines also
initiated a series of internationally prestigious BCI
competitions to expedite innovation, e.g., the
BCI competition I to IV and the CYBATHLON.
In China, since the beginning of the new century,
the technology of BCI has been developing on
a fast track and has received rapidly growing
attention for researchers from multiple disciplines.
To facilitate multi-disciplinary academic exchange
and push the BCI technology toward practical
application, the first and second China BCI
Competitions were held in 2010 and 2015,
respectively, which were organized by Tsinghua
University and supported by the National Science
Foundation of China (NSFC). Beyond the BCI
community, the BCI competition was later
opened to the general public as well as business

and industry to promote the availability and
accessibility of the niche BCI technology in
China. As part of the World Robot Contest,
this competition named BCI Controlled Robot
Contest was held by a joint effort of Tsinghua
University and China Electronics Society from
2017 till now, six years in a row. Very recently,
the competition was endorsed by and partnered
with The BCI Society, which is one of the most
authoritative international organizations in the
field of BCI.
Since the inception of the BCI Controlled Robot
Contest, tens of thousands of players have
participated in this nationwide “BCI Olympic
Games”. In 2021, the contest subsumed four main
sections, including algorithm competition, project
contest, youth outstanding paper award, and
project exhibition. Specifically, the algorithm
competition and project contest aimed to sift
out the top-notch algorithms and the bestperformance subjects, respectively. For the
algorithm competition in 2021, there were seven
parallel tracks that fell into the category of four
dominant BCI paradigms, i.e., steady-state visual
evoked potential based BCI (SSVEP-BCI), motor
imagery BCI (MI-BCI), rapid visual serial
presentation based BCI (RSVP-BCI), and affective
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BCI. Except for the affective BCI, each paradigm
comprises two tracks, namely, the individuallycalibrated algorithm and the calibration-free
algorithm. Technically, for SSVEP-BCI, the term
“calibration-free” can be referred to as “trainingfree” and “zero-training”, in which no supervision
of EEG data is leveraged and no model training
is required. However, for the other BCI paradigms,
the term “calibration-free” is equivalent to
“subject-independent”, “user-independent”, and
“cross-subject” scenarios, in which the model
trained from one subject was transferred to
another subject in a recalibration-free manner.
This collection of invited contributions mainly
includes seven articles, which summarize the
outstanding algorithms employed by the finalists
in the algorithm competition or introduce the
algorithm proposed by the author. Here each
article corresponds to a track and the authors of
the article are the winning team of the track after
comprehensive evaluations in the preliminary
round (dashboard A and B, offline experiment),
the final (online experiment), and the
championship. Different from the laboratory
evaluation that is conducted in a well-controlled
condition, e.g., a noise-insulated room, the final
competition was held in an open environment
in World Robot Contest, which was teeming
with noise and electrical interference, thereby
posing a greater challenge to the players. In this
real-world scenario, online experiments were
conducted to benchmark the algorithms in the
final competition and the result can well indicate
the generalization ability of the proposed
algorithms. Apart from the collection of articles
that encapsulate the algorithms, there is an
additional article covering the data pertinent
to the competition and the data would be openaccess to researchers shortly.
The present series of articles along with the
prospective annual contributions on the BCI

competition are featured in the design of a
customized high-performance BCI with practical
and engineering considerations. In the BCI
competition, the information transfer rate (ITR)
was primarily used as a metric to evaluate the
performance of algorithms. Since a dynamic
stopping strategy can substantially boost the
ITR, it is worthwhile to note that a vast majority
of teams employed the strategy to promptly
output reliable results. Also, an online adaptation
strategy was adopted by multiple teams to make
full use of the ongoing EEG data by means of
weak supervision. To address the data variability
and enhance the robustness of the BCI system,
ensemble classifiers were widely adopted by
combining several complementary methods in
decision making. In addition, deep learning based
algorithms were emerging in the BCI competition
and it is noteworthy that these methods have
overtaken conventional methods in some tracks.
The following briefly gives a broad overview
of the articles corresponding to each track.
Bian and Wu reviewed the framework and
the granular details of algorithms adopted by
the top five teams in the final of calibration-free
SSVEP-BCI track, in which dynamic stopping
strategy, transfer learning, ensemble learning and
online adaptation were extensively utilized to
tackle the highly challenging real-world scenario.
Zhao et al. proposed an extended binary
subband canonical correlation analysis (eBSCCA)
detection algorithm that integrated training
data into BSCCA and significantly outperformed
extended CCA and TRCA approaches for the
radial contraction-expansion motion steady-state
visual evoked paradigm in the individuallycalibrated SSVEP-BCI track.
Luo et al. surveyed and compared a variety of
algorithms employed in the final of calibrationfree motor imagery BCI track by analyzing
separate steps and highlighting key components
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of each algorithm, suggesting that deep learning
based approaches had gained momentum in
the domain of MI-BCI.
Gou et al. proposed a modified EEG compact
network based on novel strategies in data
augmentation, online adaptation, and ensemble
learning for the track of individually-calibrated
motor imagery BCI, which demonstrated that
the proposed algorithm achieved the best
performance in the final contest.
Wu and Wu reviewed a range of non-deep
learning and deep learning algorithms in the
final of calibration-free RSVP-BCI track and found
that appropriate preprocessing, transfer learning,
and ensemble learning techniques substantially
improved the BCI performance, implying that
non-deep learning approaches may be more stable
in performance than deep learning approach in
RSVP-BCI.
Zhang et al. proposed an improved EEGNet
model for the individually-calibrated RSVP track
by improving the SNR of signals and addressing
the sample imbalance problem using xDAWN
spatial filtering and focal loss, which was
demonstrated effective in achieving good
performance by an online and offline analysis.
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Tang et al. reviewed and compared several
cross-subject emotional recognition algorithms
based on various preprocessing, feature extraction
and classification techniques in the track of
affective BCI, indicating the superiority of the deep
learning algorithm in the online performance
over traditional machine learning approaches.
In a nutshell, BCI technology is an active
area of research, and it has sparked a growing
interest in China, as evidenced by the BCI
Controlled Robot Contest in World Robot Contest.
Hopefully, the coverage of this research topic
and its follow-ups would prompt a variety of
new perspectives on the algorithm design of
practical BCIs, pushing the boundary of BCI
toward real-world applications.
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